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Purpose: We observed that ultrasound examinations for deep venous thrombosis (DVT) 
were more frequently requested for women than for men in our vascular laboratory serving 
a general outpatient population and referral 774-bed hospital. Because xisting literature 
presents conflicting information about sex differences in occurrence of DVT, we 
investigated correlation i  our population with positive ultrasound study results and risk 
factors for DVT. 
Methods: In 13 months, 2055 ultrasound examinations for DVT were requested. Of these, 
300 patients (15%) were categorized in four subgroups: 75 ultrasonography-negative 
men, 75 ultrasonography-negative women, 75 ultrasonography (DVT)-positive men, and 
75 ultrasonography (DVT)-positive women for risk factor analysis. 
Results: Women comprised 64% (I311 of 2055) and men 36% (744 of 2055) of 
ultrasound examinations requested, but men had significantly higher incidence of 
DVT-positive ultrasonography results (101 of 744 [14%]) compared with women (118 
of 1311 [9%]) (p = 0.002 by chi-square testing). There were no significant sex differences 
in conventional DVT risk factors and no difference in aggregate number of risk factors. 
The anatomic distribution of DVT was the same in men as in women. Among those having 
negative ultrasonography results, significantly more outpatient examinations were 
performed in women (p = 0.018 by t testing). 
Conclusions: Gender bias exists in use of ultrasonography for diagnosis of DVT. The 
greater incidence of women undergoing venous ultrasonography is not explained by higher 
prevalence ofDVT risk factors or of higher occurrence ofpositive ultrasound examination 
results. Further investigation is needed to determine whether these differences indicate 
underuse of ultrasonography in men or overuse in women. (J VAsc SURG 1995;22: 
538-42.) 
During evaluation of routine vascular diagnostic 
laboratory activity, we noted apparent skewed distri- 
bution of venous ultrasound testing in favor of 
women. This testing was performed in a hospital- 
based laboratory of a 774-bed tertiary care hospital 
that also serves a large primary care outpatient 
activity without any obvious gender bias. On review 
of published clinical studies, there appeared to be 
conflicting evidence of sex difference in prevalence of 
deep venous thrombosis (DVT) with approximately 
equal balance between observations concluding that 
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men or women were more commonly afflicted. Thus 
we sought o understand whether our patient popu- 
lation had unusual characteristics of particular im- 
portance for venous thrombosis that varied by sex. 
The result of that study forms the basis for this report. 
METHODS 
All patients referred to the Vascular Diagnostic 
Laboratory for lower extremity venous duplex ultra- 
sound examination for DVT from a 13-month 
interval were included in the study, including both 
inpatient and outpatient source. Examination was 
carried out according to standard protocol with 
current color-flow duplex ultrasound equipment by 
registered vascular technologists in a laboratory 
certified by the Intersocietal Commission for Ac- 
creditation of Vascular Laboratories. 
Primary criterion for positive diagnosis was 
incompressibility of a deep vein clearly visualized by 
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Table I. Distribution of DVT risk factors in study cohort 
Men Women 
Factor US + US - US + US - Sex difference 
Mean age (yrs.) 61.3 59.5 63.6 59.1 NS 
Previous DVT 32 10 24 5 NS 
Trauma 1 4 5 2 NS 
Joint surgery 11 11 14 9 NS 
Bed rest 8 9 10 3 NS 
Obesity 34 19 32 21 NS 
Heart disease 25 14 26 6 NS 
Cancer 20 13 24 5 NS 
Varices 23 19 22 24 NS 
Stroke 1 0 1 0 NS 
US, Ultrasonography; NS,  not significant. 
B-mode ultrasonography. Secondary criteria in- 
cluded enlarged veins without Doppler spectral 
evidence of venous flow and presence of increased 
collateral vessels. Diagnosis was confirmed'by physi- 
cian review of positive ultrasonography findings in all 
cases.  
After reviewing all patients in the overall study 
cohort for determination of sex and positive or 
negative study status, 300 (15%) patients from 
representative subgroups received etailed evaluation 
of traditional risk factors for DVT according to the 
following categories: men or women with negative 
scanning results and men or women with ultrasound 
findings diagnostic of DVT. Seventy-five patients 
from each of these four cohorts were randomly 
selected. Traditional risk factors for DVT were 
determined by review of patient records, including 
patient age, age over 60 years, previous history of 
documented DVT, recent or past documented pul- 
monary embolism, trauma or bone fracture within 2 
weeks, joint replacement surgery, major abdominal 
or thoracic cavity surgery within 2 weeks, bed rest or 
immobilization prolonged beyond 1 week, obesity, 
congestive heart failure, current diagnosis of malig- 
nancy, varicose veins, or history of stroke. Anatomic 
classification of thrombus location and extent was 
recorded for the 150 patients with positive scanning 
results. 
RESULTS 
From July 1, 1992 until July 31, 1993, a total of  
2055 patients were evaluated for acute DVT of the 
lower extremity. Women comprised 64% (1311) and 
men 36% (744) of the total group examined. There 
was a total of 219 (10.6%) positive examination 
results resulting in a diagnosis of acute DVT. Women 
comprised 53.9% (118) and men 46.1% (101) of the 
positive group. Thus 101 of 744 men (13,6%) but 
only 118 of 1311 women (9%) had positive study 
results, which was a highly significant difference 
(p = 0.006 by chi squared test). Analysis of 10 
traditional risk factors for DVT revealed no statisti- 
cally significant differences between men and women 
in the cohorts with positive or negative ultrasound 
scanning results. 
The relative importance of these risk factors could 
be assessed by comparing men and women with a 
particular isk factor separately against he total sub- 
group with that risk factor. For example, 62 of 300 
(21%) patients of both sexes scanned had a current 
diagnosis of cancer, of whom 44 (71%) had a positive 
scanning result (p < 0.001 byttest). However, there 
was no significant sex distribution difference among 
20 men and 24 women with cancer and positive 
scanning results (p = 0.5). Similarly, among 71 of 
300 (24%) patients of both sexes with severe heart 
disease, incidence of positive scanning results was 
clearly significant 51 ((72%) (p = 0.03). There was 
not a difference between men and women within the 
heart disease subset, however, which was almost 
equally divided between 25 men and 26 women with 
positive scanning results (p = 1). The mean age of 
those of both sexes with positive scanning results was 
greater than in the groups with negative scanning 
results, but there was no significant difference be- 
tween men and women within scanning result co- 
horts. These results are summarized in Table I. 
When stratified according to referral source, 300 
patients in the detailed analysis cohorts derived from 
emergency department (n = 36 [12%]), private 
office outpatient (n = 124 [41%]) and inpatient 
(n = 140 [47%]). Twenty-seven of 36 patients 
(75%) of both sexes referred from emergency de- 
partment source had positive diagnosis of DVT 
(p = 0.003 by t test), but they were nearly equally 
divided among 12 men and 15 women. There was 
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Table II. Referral source of study cohort 
J~elq, WOM~I~ 
Referral source US + US-  US + US-  Sex difference 
OP 26 29 25 44 p = 0.018 
IP 37 39 35 29 NS 
ED 12 7 15 2 NS 
US, Ultrasonography; OP, outpatient;/P, inpatient; ED, emergency depamnent; NS, not significant. 
significant sex difference in referral source among 
patients having negative duplex examination results. 
A total of 51 outpatients had positive scanning results 
nearly equally divided between 26 men and 25 
women. Of the remaining 73 outpatients with 
negative xamination results, 29 were men (39%), 
and 44 were women (59%), which was significant 
(p = 0.018 by t test) (Table II). 
Referrals to the vascular diagnostic laboratory 
originated from a total of a31 physicians, of whom 
the top 100 requested 89.6% of all tests. The leading 
specialty designations in terms of volume of tests 
requested in descending rank order were internal 
medicine, family practice, emergency physicians, 
orthopedic surgeons, and vascular surgeons. Women 
outnumbered men in the hospital inpatient popula- 
tion, 17,953 versus 11,675, during the study interval. 
This probably represents a bias because of an 
obstetric service with more than 5000 deliveries 
annually. Women were more commonly seen in the 
emergency department, 41,055 women versus 
33,945 men, during the same study period. How- 
ever, the proportionality of women to men seen in 
the emergency department, 1.2:1, was less skewed 
than the proportion of women to men having 
ultrasonography requested for DVT, 1.76:1. 
DISCUSSION 
The literature preceding widespread application 
of imaging studies uch as retrograde phlebography 
or venous duplex ultrasonography seems to have 
given the impression that women were more subject 
to DVT than men. Relying largely on history and, to 
a lesser extent physical examination results, Coon et 
al) assessed occurrence of DVT in a population of 
about 8600 patients in the Tecumseh Community 
Health Study. They found that DVT was signifi- 
cantly skewed toward younger women. Of all 1515 
patients of both sexes with DVT, 71 (47%) occurred 
in women under age 50, but only 8 (5%) occurred 
among men in this age group. They attributed the 
higher frequency of DVT and pulmonary embolism 
in young women to "the added risks.., during 
pregnancy and the puerperium." Perhaps this was 
true in an era when bed rest was believed to be of 
essential benefit in management of many conditions 
including recovery from pregnancy. This report 
associating female sex with venous thromboembo- 
lism, which antedated the availability of accurate 
noninvasive diagnostic imaging, has been cited in 
other reports and may have contributed to the 
traditional perspective ofmany clinicians. The notion 
that estrogen hormone medication contributes to 
thrombosis predilection also may be held by many 
practitioners. A comprehensive r view of published 
reports relevant to this question as of 1992, however, 
concludes that this is a myth. 2 In an extensive review 
of the epidemiology and pathogenesis of venous 
thrombosis, Hirsh et al.3 do not mention sex as a 
specific direct influence on risk. They do acknowledge 
that there is a perception of risk associated with 
pregnancy and the use of birth control pharmaceu- 
ticals. However, they conclude "there is no good 
evidence" of increased DVT risk with low-dose 
estrogen medication. 
Franks et alp attempted to study prevalence of 
venous disease by interrogating 1338 patients living 
at home by questionnaire. These British National 
Health Service enrollers were asked questions about 
venous disease but were not examined objectively for 
purposes of that study. Female sex had a highly 
significant association with "phlebitis" (odds ratio, 
1.59; 95% confidence interval, 1.16 to 2.22), but 
only in patients over the age of 50 years. In the 
United States, with Medicare nrollers computerized 
records obtained from the Health Care Financing 
Administration, Kniffin et al.s recently determined 
that women had a lower incidence rate for pulmonary 
embolism than men, with adjusted relative risk of 
0.86. For DVT the opposite appeared to be true, 
with women having a significantly increased relative 
risk of 1.25. This study did not control for the quality 
of diagnostic evaluation or whether any objective 
imaging test had been performed. 
Conversely, Markel et al.6 recently observed that 
209 patients with duplex ultrasonography-proven 
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DVT out of 833 referred for evaluation because of 
clinical suspicion had a statistically significant 
(p < 0.05) bias toward male sex. Referral source was 
not specified in that study. Similarly, Nordstrom et 
al. 7 evaluated all 366 (36%) patients with phlebo- 
graphically documented DVT from a total of 1009 
who were referred for examination. Referral source 
was not documented, but this was explicitly a 
hospital-based population of patients. They found an 
equally distributed incidence of DVT between men 
and women of 1.6 per 1000 population per year. 
Incidence increased markedly above age 50 in men 
but was not similarly increased in women until a 
decade later, above age 60. Kierkegaard 8 addressed 
the interrelationship between age and sex in the 
incidence of DVT, also in a Swedish population that 
had a single hospital serving a defined population. 
The 344 cases with thrombosis were proven by 
phlebography, and more than 75% of these occurred 
in outpatients. Beyond age 50, the incidence of DVT 
was significantly more common in men. Men also 
constituted a 57% majority of 231 patients with a 
phlebographlcaliy proven diagnosis from a similarly 
concentrated population in another Swedish report. 9
Anderson et al. ~0 studied a representative population 
in the United States. They also found significantly 
higher rates of both clinically recognized and objec- 
tively confirmed DVT in men across all ages up to the 
ninth decade (p < 0.05). 
The apparent lack of data sufficient to create a 
consensus on sex-specific factors is well exemplified 
by a report analyzing the contributions of 21 factors 
to DVT risk by constructing a computer program 
from reports in the literature, n In 20 of 21 factors 
believed to influence DVT risk, no mention was 
made of influence by sex except for pregnancy, where 
there was necessarily a 100% sex-specific increase in 
risk. 
In other cardiovascular disease categories sex 
differences in diagnostic and therapeutic procedures 
have been examined, most notably coronary artery 
disease. Ultrasound diagnostic procedures uch as 
echocardiography are more likely to be accomplished 
in women than in men. 12 However, the burden of 
evidence strongly suggests that women have been 
excluded or ignored in major trials of coronary artery 
disease evaluation, prevention, and treatment, a3 
Analysis of hospital treatment of non-coronary artery 
disease has, however, shown a lack of sexual bias in 
clinical decision making during hospitalization. 14
It appears uncertain whether women are more 
expressive of complaints that might suggest the 
protean or subtle qualities of DVT that lead clinicians 
to accurately assess the possibility of DVT by 
ultrasound imaging. Verbrugge and Steiner ts from 
the University of Michigan examined patterns from 
the 1975 Ambulatory Medical Care Survey and 
concluded that women receive generally more medi- 
cal care than men do even though severity of illness 
differences were not shown in that study. Others have 
determined after detailed study that little or no data 
exist from actual patient/doctor encounters whether 
quantity and types of symptoms reported are differ- 
ent between men and women. 16 Katz et al.~7 looked 
for venous hemodynamics hanges as a consequence 
of daily activity in normal volunteers. Although 20% 
of their small study cohort appeared to have deterio- 
ration suggestive of leg valve dysfunction, this did not 
have gender differences. 17 Wille-Jorgensen et al.18 
made a stimulating and provocative observation by 
comparing subjective and objective evaluation of 
postphlebitic syndrome in 3608 patients in 1991. 
Although subjective perception of this venous disor- 
der was much more frequent han objective vidence, 
they found this was significantly more common in 
women than in men at all ages. Among 1843 women, 
subjective perception of postphlebitic venous disease 
was twice as common as objective evidence. Al- 
though this margin declined with age, it was signifi- 
cantly greater through the sixth decade. Cogo et al.19 
reported a very interesting study bearing on percep- 
tions of DVT risk by evaluating 426 consecutive 
outpatients with clinically suspected DVT and no 
prior venous thromboembolic history. Physician 
specialists prospectively evaluated risk factors before 
venography in all patients. In a group of 278 judged 
to have "idiopathy" because they lacked risk factors of 
trauma, major surgery, or prolonged immobilization, 
90 (32%) proved to have DVT. There was a highly 
significant sex difference skewing the population 
referred for evaluation. One hundred twenty-two f  
the 188 (65%) who did not have DVT were women, 
but only 37 of the 90 proven DVT cases (41%) were 
women (p < 0.00i by chi-squared testing). 
A recent review of the epidemiology of venous 
thrombosis by Carter 2° concludes that further epide- 
miologic study is needed especially on incidence in 
the general community. Cost-effectiveness of diag- 
nostic studies cannot be accurately evaluated if 
unexplained bias in referral of  any sort skews results. 
In our study population, which may be representative 
of the type of hospital-based vascular laboratory that 
is becoming the norm, traditional risk factors were 
equally distributed among men and women. Yet 
there was a significant gender bias in favor of more 
women being referred for examination. We conclude 
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that gender  bias in DVT evaluat ion,  as demonst ra ted  
in this study, is evidence o f  the need for further study. 
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